Study Design. Morphometric changes of the spinal cord and influence on spinal cord-evoked potentials and spinal cord blood flow and postoperative function of hind limbs were studied in various degrees of acute spinal column shortening in dogs.
Study Design. Morphometric changes of the spinal cord and influence on spinal cord-evoked potentials and spinal cord blood flow and postoperative function of hind limbs were studied in various degrees of acute spinal column shortening in dogs.
Objectives. To study the morphometric and physiologic effects of acute spinal column shortening on the spinal cord.
Summary of Background Data. The technique of acute spinal column shortening is sometimes applied for correction of spinal deformity, total en bloc spondylectomy operation, or other diseases. However, safe limits and physiologic effects of acute spinal column shortening have not yet been described.
Methods. Total spondylectomy of T13 was performed in dogs after spinal instrumentation placed 2 levels above and 2 levels below the spondylectomy level. Spinal column was gradually shortened until the lower endplate of T12 contacted the L1 upper endplate (maximum of 20 mm). When any morphologic change of the dural sac or the spinal cord was observed, the length of shortening was measured. Spinal cord-evoked potentials were recorded on the exposed dura mater following epidural stimulation at the C7 level in 8 dogs. Spinal cord blood flow was measured during shortening in 6 dogs. Hindlimb function was evaluated 2 weeks after operation in 10 dogs.
Results. No morphometric changes occurred in the dural sac and the spinal cord until shortening of 7.2 Ϯ 1.7 mm (n ϭ 6). From 7.2 Ϯ 1.7 to 12.5 Ϯ 1.1 mm shortening, the dural sac was deformed, whereas the spinal cord maintained its shape. Shortening more than 12.5 Ϯ 1.1 mm buckled the dural sac, and the spinal cord kinked itself and was compressed by the buckled dura in its concave side (n ϭ 6). No changes could be detected in spinal cord-evoked potentials in 5 or 10 mm of shortening. Spinal cord-evoked potential changes were recorded in the 2 of 6 dogs with 15 mm of shortening. At 20 mm of shortening, spinal cord-evoked potential abnormality was observed in 4 of 6 dogs. At shortening of 5, 10, 15, and 20 mm, spinal cord blood flow was 146 Ϯ 10%, 160 Ϯ 21%, 102 Ϯ 17%, and 93 Ϯ 7% of the control (29.2 Ϯ 7.9 mL/100 g/min, n ϭ 6), respectively. All 3 dogs with 10 mm of shortening had normal hindlimb function 2 weeks after operation. One of the 3 dogs with 15 mm of shortening had paraparesis. Three of the 4 dogs with 20 mm of shortening had also paraparesis after operation.
Conclusions. Acute spinal column shortening can be characterized into 3 phases. Phase 1, safe range: occurred during shortening within one-third of the vertebral segment and is characterized by no deformity of the dural sac or the spinal cord. Phase 2, warning range: occurred during spinal shortening between one-third and two-thirds of the vertebral segment and is characterized by shrinking and buckling of the dural sac and no deformity of the spinal cord. Phase 3, dangerous range: occurred after shortening in excess of two-thirds of the vertebral segment and is characterized by spinal cord deformity and compression by the buckled dura. Spinal shortening within the safe range increases spinal cord blood flow. The technique of spinal column shortening is sometimes applied for correction of spinal deformity, [1] [2] [3] [4] total en bloc spondylectomy, [5] [6] [7] or other diseases. Correction of excess spinal kyphosis may be done through anterior wedge opening (Smith-Peterson technique 8 ) or posterior wedge closing osteotomies. 9, 10 There were 2 merits considered in closing-wedge osteotomy: superior biomechanical stability and reduction of the size of the grafted area as a result of minimizing the spinal column defect. This reduces the amount of bone graft to be harvested. Furthermore, as autograft incorporation is influenced by the size of the grafted area, 11 remodeling of grafted bone is expected to be more rapid. Leatherman and Dickson 3 stressed that the only method that can be used for the correction of a rigid deformity without the risk of neurologic complication is shortening and straightening of the spine. However, several investigators reported the risk of neurologic complications associated with spinal shortening in the surgical correction of spinal deformities. 1, 4, 9, [12] [13] [14] During the procedure, the spinal column is shortened and the spinal cord may become redundant in relation to the spine. 13, 14 It was reported that dural buckling may occur over approximately 35°in correction at any one level in closing-wedge osteotomy. 13 Gertzbein and Harris 9 reported their procedure was best suited for corrections of approximately 30°to 40°. Kawahara et al 12 reported closing-opening wedge osteotomy to sufficiently correct severe angular kyphosis, avoiding spinal cord injury due to cord kinking. The first 30°to 35°of kyphosis was corrected using the closing wedge technique with the pivot point of the anterior longitudinal ligament, and the spinal cord was protected from the danger of deformation such as hanging down, kinking, or dural buckling. Next, the pivot point was moved posterior to the spinal cord, and the remainder of the osteotomy was performed using the opening wedge technique. However, the safety limits and physiologic effects of spinal shortening on the spinal cord were not previously studied. The objective of this study was to clarify the effect of spinal shortening on the spinal cord shape and physiologic functions.
Materials and Methods
Surgical Preparation. Forty-six adult dogs, weighing from 10 to 12 kg, were used in this experiment. Following sedation with ketamine hydrochloride injection into the paravertebral muscles (2.5 mg/kg), a catheter was inserted into the radial vein for fluid replacement and the administration of drugs. Each animal was orotracheally intubated with a polyethylene tube (6.5 mm), paralyzed with pancuronium 0.1 mg/kg/hr and maintained on ventilatory support with 1% halothane in 50:50 N 2 O/O 2 . A cannula (2.0-mm diameter) was then inserted in a retrograde manner into the right femoral artery for repeated blood sampling and for continuous blood pressure monitoring. The animals were then placed on a surgical table in the prone position. Body temperature was monitored using a rectal temperature probe. Body temperature was maintained between 36 C and 37 C with a heating pad when necessary. Arterial blood gases were measured at 90-minute intervals. Metabolic and respiratory acid-base balance was controlled with supplemental intravenous NaHCO 3 in order to maintain the pH near 7.40. The PaO 2 was held above 100 mm Hg with respiratory volume control. The concentrations of halothane and N 2 O/O 2 were constant throughout the procedure. During the steady state, painful stimulation did not cause any increase in blood pressure.
Surgical Procedure. A midline longitudinal incision extending from T9 to L3 was made and the laminae from T10 to L3 were exposed. Texas-Scottish Rite Hospital (TSRH; Sofamor Danek, Memphis, TN) screws were obliquely inserted into the vertebral body of T11, T12, L1, and L2 from the base of the transverse processes. One screw was inserted into each vertebra. Laminectomies were performed from the caudal region of T12 to the cranial region of L1. It was necessary to retract the T13 spinal nerves in order to make the surgical room for T13 total vertebrectomy. There was a fear of injuring the spinal cord by stretching the T13 spinal nerves when the spinal nerves were preserved. Accordingly, both nerve roots of T13 were ligated and cut. The vertebral body of T13 as well as adjacent discs were completely resected using a curette and a burr with great care so as not to injure the dura or the spinal cord ( Figure 1A ).
Morphologic Observation. The spinal column was gradually shortened by a compression maneuver between the screws inserted into T12 and L1. The length between the lower endplate of the T12 and the upper endplate of the L1 (an entire segment) was 20.3 Ϯ 0.5 mm (n ϭ 46). The maneuver was completed on the contact of the 2 endplates when the length of an entire segment was 20 mm or less. The maximum shortening was 20 mm in the case with an entire segment of more than 20 mm. As the shortening procedure was performed, the morphologic changes of the dural sac and the spinal cord were observed. When morphologic change was evident, the length of shortening was measured (n ϭ 4). In another 5 dogs, at each morphologic condition displayed by the spinal canal contents (0, 5, 10, 15, and 20 mm of shortening), microfill compound (Microfil®, Flow Tech Inc., Carver, MA) was injected into the subarachnoid space via a myelography technique. This technique was employed in order to maintain the characteristic spinal cord morphologic changes for gross inspection after sacrificing the spine segment ( Figure 2 ).
Spinal Cord-Evoked Potentials Study. Six dogs were used in a spinal cord-evoked potentials (SCEPs) study. [15] [16] [17] Electrodes used for stimulation and recording consisted of 18-gauge polyethylene tubes with 2 fine platinum coil terminals (UPG-100 -2P: Unique Medical, Inc., Tokyo, Japan). The electrodes were identical to those employed in procedures involving patients. The stimulating electrode was introduced into the cervical epidural space from the laminectomy area in a rostral manner ( Figure 1C ). Recording electrodes were placed on the posterior midline of the dura mater at the level of the upper end of the L1 vertebra [15] [16] [17] ( Figure 1C ). Pulses of constant stimulation current (20 Hz, 0.2 msec duration) were routinely delivered. A DISA 1500 4-CH Digital EMG-System (DISA Inc.) was used to record signals. Generally, 50 consecutively recorded signals were averaged per tracing.
Increase or decrease more than 30% of the amplitude from the baseline of the first positive or negative wave of the SCEPs was evaluated to be abnormal. 15, 16 Measurement of Spinal Cord Blood Flow. Spinal cord blood flow (SCBF) was measured by a hydrogen clearance technique in 6 dogs. 18, 19 Maximum change of the blood flow was expected in the center of the spinal cord deformation. Therefore, SCBF was measured at the T13 nerve root branching off level of the spinal cord, which is the site of maximum kinking of the spinal cord with the 15 or 20 mm of spinal shortening. The anteroposterior diameter of the spinal cord at the T13 was 6.03 ϩ 0.06 mm (n ϭ 6). The gray matter exists from 1.58 Ϯ 0.07 mm to 3.25 Ϯ 0.07 mm (n ϭ 6) in depth from the midline of the posterior surface of the spinal cord at T13 level in the dogs. The platinum electrode with a diameter of 200 ìm was inserted 2.5 mm in depth from the midline of the posterior surface of the spinal cord through a small hole of the dural sac at the T13 nerve root branching off level of the spinal cord ( Figure 1B ). It was certain that the apex of the platinum electrode was inserted in the gray matter of the spinal cord. A 5-mV, 40-second potential was applied between the platinum and silver/silver chloride reference electrodes inserted into the paravertebral muscles adjacent to the spondylectomy level. Spinal cord blood flow was measured at 0, 5, 10, 15, and 20 mm (or an entire segment) spinal shortenings. The time course of hydrogen concentration was recorded on an RBF-2 recorder (Biomedical Science, Inc., Kanazawa, Japan). The data were plotted in monoexponential form and SCBF was calculated as previously described. 18, 19 Spinal cord blood flow of each spinal shortening phase was presented in comparison to the baseline SCBF observed in each animal after laminectomy and corpectomy (total spondylectomy of T13) before spinal shortening.
The data were presented as a mean Ϯ standard deviation. Statistical analysis was performed using the paired t test. Values were considered significant when the P value was 0.05 or less.
Spinal Angiography. Spinal angiography was performed 2 weeks after each shortening operation of the spine. After animals were given general anesthesia and a catheter was inserted into the right femoral artery, they were placed in a right recumbent position. After the left sixth rib was excised and the thoracic cavity was opened, the aorta above the seventh thoracic vertebra was marked with 1-0 silk to prepare for ligation of the aorta. Subsequently, both common iliac arteries were delineated by the incision of the peritoneum, and the left common iliac artery was ligated. The right common iliac artery was preserved for measurement of the intra-arterial pressure. A 16G indwelling needle was placed into the thoracic aorta that was marked previously, and heparinized physiologic saline, the bottle of which was hung from the ceiling for irrigation, was infused through it. Then, the aorta was ligated with the thread that was used previously for marking. The celiac artery and the mesenteric artery were identified, and they were clamped with hemostatic forceps so that blood flow was interrupted. After local irrigation and lavage with 3 L of heparinized physiologic saline, 100 mL of 10% formalin was infused into the vessel for fixation as the intra-arterial pressure was being monitored to ensure the same as the average blood pressure before clamping of the aorta. Then, 100 mL of silicon compound was infused manually. After 1 hour waiting for the compound to be sclerosed, the animals were placed in a prone position and the spinal cord between the 10th thoracic vertebra and the third lumber vertebra was excised, and the vessels around the surface of the spinal cord were examined. The maximum and minimum diameters of the anterior spinal artery were selected, and they were measured on the spinal cord from the midpoint between the T12 and T13 nerve branching off level to the midpoint between the T13 and L1 nerve branching off level, except the site of maximum kinking, with a stereomicroscope. The mean value of the maximum and minimum diameters was evaluated as the representative of the diameters of the anterior spinal artery in the shortened area of the spinal cord. In addition, the diameter of the anterior spinal artery was also measured at the site of maximum kinking in the group with the 15 or 20 mm of spinal shortening operations. The data were presented as a mean Ϯ standard deviation. Statistical analysis was performed using the Bonferroni/Dunn analysis. Values were considered significant when the P value was 0.05 or less.
Postoperative Neurologic Examination. ated with a modified Tarlov grading system 2 days and 14 days after operation. 20, 21 Grade 0 -complete paraplegia with no hind extremity motion 
Results

Morphologic Observation
The dural sac and spinal cord did not exhibit any morphologic changes until a shortening length of 7.2 Ϯ 1.7 mm (n ϭ 4, 36.0 Ϯ 8.5% of an entire segment) (Figure 2). From 7.2 Ϯ 1.7 to 12.5 Ϯ 1.1 mm (n ϭ 4, 36.0 Ϯ 8.5 to 62.5 Ϯ 5.5% of an entire segment), the dura mater was deformed in the manner of an accordion. However, the spinal cord maintained its linear orientation. At spinal shortening of more than 12.5 Ϯ 1.1 mm (n ϭ 4, 62.5 Ϯ 5
Spinal Cord-Evoked Potentials Study
Six dogs were used for SCEP study (Table 1, Figure  3) . [15] [16] [17] No significant changes occurred in SCEPs at 5 mm or 10 mm of shortening. Increase of the amplitude of the P1 wave more than 30% of the control were recorded in 2 of the 6 dogs with 15 mm of shortening. At 20 mm of shortening (or an entire segment), which demonstrated severe kinking of the spinal cord, abnormality of the SCEPs was observed in 4 of the 6 dogs (Table 1, Figure 3 ).
Measurement of Spinal Cord Blood Flow
Baseline SCBF (after laminectomy and before shortening) was 29.9 Ϯ 7.91 mL/100 g/min (n ϭ 6). At 5 mm of spinal shortening, SCBF increased to 146 Ϯ 10% (n ϭ 6) in comparison to the SCBF occurring before spinal shortening. The difference is statistically significant (P ϭ 0.007). At 10 mm of shortening, SCBF increased to 160 Ϯ 21% (n ϭ 6) in comparison to baseline SCBF. The difference was also statistically significant (P ϭ 0.03). There was no statistically significant difference between SCBF at 5 mm and 10 mm shortening (P ϭ 0.39). At 15 mm of shortening, following spinal cord kinking, SCBF decreased to 102 Ϯ 17% (n ϭ 6) relative to the level observed before the procedure. At 20 mm (or an entire segment) shortening, characterized by severe spinal cord kinking, SCBF was 93 Ϯ 7% (n ϭ 6) relative to the reading obtained at the preshortening stage (Figure 4 ).
Spinal Angiography
In the dogs without vertebral shortening operations, the anterior spinal artery ran straight longitudinally in parallel to the spinal cord. The diameter of the anterior spinal artery was 0.575 Ϯ 0.066 mm (n ϭ 3). In the group with the 5 mm of shortening operation of the vertebra, the anterior spinal artery mildly meandered, and the diameter of the artery was 0.769 Ϯ 0.017 mm (n ϭ 3), significantly larger than that in the group without the shortening operations (P ϭ 0.0078). In the group with the 10 mm of spinal shortening operations, the an- 
N1 ϭ the first negative wave; P1 ϭ the first positive wave; -ϭ no remarkable changes; Decrease ϭ decrease more than 30% of N1 or P1 amplitude of the control; Increase ϭ increase more than 30% of N1 or P1 amplitude of the control. terior spinal artery meandered even more evidently than in the group with the 5 mm shortening operations, and the diameter of the artery was 0.750 Ϯ 0.050 mm (n ϭ 3). In the group with the 15 mm of spinal shortening operations, the degree of meandering of the anterior spinal artery was higher than that in the group with the 10 mm of shortening operations, and the diameter was 0.775 Ϯ 0.090 mm (n ϭ 3). The artery was constricted and the diameter of it was 0.629 Ϯ 0.16 mm (n ϭ 3) at the site where kinking of the spinal cord was observed. In the group with the 20 mm (or an entire segment) of spinal shortening operations, the diameter of the anterior spinal artery was 0.792 Ϯ 0.029 mm (n ϭ 3). The artery was obstructed and the diameter of it was 0.132 Ϯ 0.229 mm (0, 0, 0.396 mm, n ϭ 3) at the site of spinal cord kinking ( Figure 5 ). Compared to the group without the spinal shortening operations, the diameter of the anterior spinal artery was significantly increased in the groups with the 5, 10, 15, and 20 mm (or an entire segment) of spinal shortening operations (P ϭ 0.0049), without significant differences in diameter between the groups with the shortening operations ( Figures 5 and 6 ). other 3 had a modified Tarlov Grade 4 two days after operation. The neurologic condition did not change 14 days after operation in all dogs with postoperative paraparesis except 1, which had partially improved neurologically.
Postoperative Neurologic Examination
Discussion
It is clear that the safety of spinal shortening might depend on the spinal level of shortening. The safe range of spinal shortening might be more at the cauda equina levels than at the spinal cord level. This may be related to the fact that the nerves in the cauda equina may be capable of responding to spinal shortening by increasing their redundancy. The spinal cord terminates in dogs near the L6/7 spine level, whereas in humans it terminates near the L1 level. The T13 level was used in our spinal shortening experiment. This level may correspond to the middle lower thoracic spine in humans.
An entire segment of the T13 had a mean of 20.3 mm. The dural sac and spinal cord did not exhibit any morphologic changes until a shortening length of 7.2 mm. From 7.2 to 12.5 mm, the dura mater was deformed in the manner of an accordion. However, the spinal cord maintained its linear orientation. At spinal shortening of more than 12.5 mm, the dura mater buckled and spinal cord kinking was observed. From our morphologic study, 3 phases may be defined during spinal shortening of 1 vertebra (Table 2) . Phase 1 involved approximately one-third of the vertebral segment; within which there was no deformity of the dura or the spinal cord. Phase 2 involved less than two-thirds of the vertebral segment. No deformity of the spinal cord occurred; however, shrinkage of the dura was evident. Phase 3 involved greater than two-thirds of the vertebral segment. Kinking of the spinal cord and dural buckling occurred.
The morphologic changes were a result of 2 mechanisms by which the spinal cord accommodated the spinal shortening. First, the dural sac slid by telescoping in the spinal canal. Second, the spinal cord slid by telescoping in the dural sac. When the range of tolerance of the spinal cord to spinal shortening was exceeded, kinking of the spinal cord occurred.
In this study, SCEPs did not change during 5 or 10 mm of shortening that is in Phase 1 or 2 in any dog. All 3 dogs with 10 mm of shortening had a modified Tarlov Grade 5 after operation. Spinal cord-evoked potential changes were recorded in the 2 of 6 dogs with 15 mm of shortening, which is in Phase 3. One of the 3 dogs with 15 mm of shortening had paraparesis in the hindlimbs (modified Tarlov Grade 4) after surgery. At 20 mm of shortening (or an entire segment), which demonstrated severe kinking of the spinal cord, SCEP abnormality was observed in 4 of 6 dogs. Three of the 4 dogs with 20 mm of shortening had paraparesis in the hindlimbs (modified Tarlov Grade 4) after the operation. These findings revealed that spinal cord function was not compromised in the Phase 1 or 2 (no deformity in the spinal cord) in spinal shortening. However, there is a risk of spinal cord damage due to spinal cord deformation or kinking in Phase 3. In an actual operation, it is impossible to observe the condition of the spinal cord from outside of the dura. Kostuik 22 described that he performed closing wedge osteotomy for correction of kyphosis safely, observing the spinal cord in direct vision by durotomy in a revision patient, and did a plasty of the scarred dura. If spinal shortening up to Phase 2 is required, direct observation of the spinal cord by durotomy during correction may also be safe. It would be followed by dural plasty.
It was reported that blood flow in the tissue of only 2.0 mm 3 immediately surrounding the apex of the platinum electrode was measured in the hydrogen clearance method. 23 Although, the spinal cord blood flow can be measured in any part of any one segment or in all segments at the same time and the location of the measurement is precisely known in the autoradiographic technique. 24 -27 However, if it is desirable to observe changes in SCBF produced by physiologic or pathologic events over a period of time, the disadvantage of having to kill the animal at the time of measurement may be overcome by performing experiments on groups of animals at differing time intervals after changing the particular parameter, for instance, spinal injury. 27 On the other hand, it is possible to observe serial changes in SCBF produced by physiologic or pathologic events over a period of time in the same animal in the hydrogen clearance method. 28 -31 We desired to observe serial changes in SCBF by spinal shortening in the same dog and employed the hydrogen clearance method to measure SCBF in this series.
In the literature, dog gray matter blood flow has been reported in the range of 40.6 to 63 mL/100g/min, whereas white matter blood flow has been reported in the range of 10.3 to 21.7 mL/100g/min. 18, 32 The baseline SCBF (in the condition of postlaminectomy and ligation of bilateral T13 nerve roots) in our study was 29.9 Ϯ 7.91 mL/100 g/min using a hydrogen clearance method. Toribatake 33 noted that SCBF decreased to approximately 78% of baseline as a result of laminectomy. Also, Anderson et al 34 reported that SCBF depressed to 22% to 45% of baseline following laminectomy. The baseline SCBF in our experiment was relatively low in comparison to that in the literature, as it was measured following laminectomy and ligation of both segmental arteries of T13.
At 5 mm of spinal shortening, SCBF increased significantly to 146% in comparison to the SCBF occurring before spinal shortening. At 10 mm of shortening, SCBF increased to 160% compared to baseline SCBF. This in- 35 reported that SCBF diminished as a result of decrease of the diameter of the spinal arteries in spinal cord injury. The SCBF increased within minutes following spinal shortening in this study. The rapid increase of SCBF during spinal shortening strongly suggests a local vasodilatory effect. 31 Spinal angiogram in this study revealed that in the group with the 5 mm of shortening operation of the vertebra, the anterior spinal artery mildly meandered, and the diameter of the artery was 0.77 mm, significantly larger than 0.58 mm in the group without the shortening operations. In the group with the 10 mm of spinal shortening operations, the anterior spinal artery meandered even more evidently than in the group with the 5 mm of shortening operations, and the diameter of the artery was 0.75 mm. The spinal cord termination is tethered to the coccygeal bone by the filum terminale. The spinal cord is also tethered segmentally to the spinal column by the nerve roots. As the spinal cord tether is relaxed by spinal shortening, tension of the spinal cord and the spinal arteries decreases. Consequently, vasodilation of the arteries of the spinal cord might occur, resulting in a concomitant reduction of resistance to blood flow. An increase in SCBF resulted immediately. This phenomenon is strongly in contrast to the decrease of SCBF when the spinal cord is stretched. 25,36 -38 Following kinking of the spinal cord, SCBF decreased significantly due to constriction of the spinal arteries in the ventral aspect. However, the arteries present in the dorsal aspect were not constricted. Therefore, SCBF maintained a mean of 93% of baseline levels despite severe kinking of the spinal cord even at 20 mm or an entire segment of shortening.
Spinal cord blood flow changes have been described in many different animal and mechanical injury models. 24 -26,28 -31,39 -42 Severe injury has been associated with impairment of normal autoregulation and persistent reduction in SCBF. 30, 39, 40, 42, 43 On the other hand, it has been also reported that hyperemia was observed in the injured spinal cord, 28, 39 especially in the white matter of the spinal cord in the incomplete injury. 29, 30, 41 It was suggested that increase or decrease of SCBF may depend on the severity of the spinal cord injury. 29, 30, 39 In our series, at 5 mm and 10 mm of spinal shortening, SCBF measured in the gray matter increased significantly to 146% and 160%, respectively, compared to baseline SCBF. Although, no significant changes occurred in SCEPs at 5 mm or 10 mm of shortening, and 3 dogs with 10 mm of shortening had a modified Tarlov Grade 5 (normal limb function) 2 days and 2 weeks after operation. It is suspected that the increase of SCBF associated with increase of the diameter of the anterior spinal artery in spinal shortening in our series may not indicate hyperemia observed in the injured spinal cord in the other reports.
Numerous authors demonstrated that reperfusion of SCBF was of paramount importance in the recovery of spinal cord function after spinal cord injuries. 24, 26, 31, 35, 38, 39 It is possible that this mechanism can also be reproduced by shortening of the spinal cord in Phase 1 and 2, as shown in our study. In our clinical experience, neurologically compromised patients had a significant recovery after decompression and shortening of the spinal column. This was observed in patients undergoing total en bloc spondylectomy for spinal tumors. 6, 7 It is possible that 1 of the mechanisms responsible for this is an increase of SCBF achieved by limited (Phase 1 and 2) shortening.
Conclusion
As shown in our study, 3 morphologic phases occurred during spinal shortening. Phase 1 occurred within one-third of the single vertebral segment and exhibited no deformity of the dura or the spinal cord. Phase 2 involved spinal shortening of less than two-thirds of the vertebral segment. No deformity of the spinal cord was evident; however, shrinkage of the dura occurred. Finally, Phase 3 occurred after shortening in excess of two-thirds of the vertebral segment and demonstrated kinking of the spinal cord. The SCBF was markedly increased in Phase 1 and 2, but was minimally decreased in Phase 3 in comparison to the baseline SCBF. Phase 1 includes the safe range of spinal shortening. Phase 2 is safe; however, it is a range in which caution should be used. Phase 3 includes the dangerous range. Spinal shortening, up to the threshold of spinal cord kinking in dogs, caused a meaningful and rapid increase of SCBF. These findings should prove beneficial in various surgical procedures employing spinal shortening.
Key Points
• Spinal column shortening after spondylectomy of T13 vertebra was performed in 46 dogs.
• During acute spinal shortening, the spinal cord and dura pass through 3 phases: Phase 1, safety range: occurred during shortening within one-third of the vertebral segment and is characterized by no deformity of the dural sac neither the spinal cord; Phase 2, warning range: occurred during spinal shortening between one-third and two-thirds of the vertebral segment and is characterized by shrinking and buckling of the dural sac and no deformity of the spinal cord; and Phase 3, dangerous range: occurred after shortening in excess of two-thirds of the vertebral segment and is characterized by spinal cord deformity and compression by the buckled dura. In this phase, spinal cord-evoked potential changes could be detected.
• Spinal cord blood flow was markedly increased in phases 1 and 2.
